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COMPLETE SPECIFICATION 
Isocyanate-extended Polyoxyalkylene-Carboxy-Alkylene Polymers 

We, Union Carbide Corporation, of 270, 
Park Avenue, New York, State of New York, 
United States of America, a Corporation 
organised under die laws of the State of New 

5 York, United States of America, (assignee of 
Donald Mackey Young and Fritz Hos- 
tettler), do hereby declare die the inven- 
tion!, for which we pray chat a patent may 
be granted (to us, and die method by which 

10 it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
Hie present invention relates to synthetic 
compositions of matter useful in the manu- 
facture of tires, shoe soles, belts and many 

15 other articles deirably having high resistance 
to abrasion, oxidation, solvents and ultra- 
violet light, as well as to a method of pre- 
paring such composi tions. 
We have also found drat polyurethane 

20 resins can advantageously be prepared from 
oxyalkylene<arboKyalkyle^ polymers in 
which the oxy and carboxy groups, or oxy- 
alkylene and carboxyalkylene links, are dis- 
tributed in random or ordered fashion along 

25 the lengths of the chains and that jhese can 
be prepared essentially by reaction of a ket- 
one with an epoxide and a dirunctional focal 
compound preferably in the presence of a 
catalyst 

30 According to to the present invention there 
is provided a method of preparing a gum 
stock which comprises forming a mixture of 
c^lkylene-carboxyalkylene polymers by re- 
acting a diphend, a dial, a diamine, an amino 

35 alcohol, a dimercapran, a mercapto alcohol, 
water or hydrogen sulphide, a lactone of the 



0=C(CR 2 ) n CHR 
O 



in which n is an integer having a value of 
at least 2, all the Rs are hydrogen when n is 40 
2, at least 6 Rs are hydrogen when n is more 
than 2 and the remaining Rs are hydrogen 
or alkyl, cycjoalkyl, aikoxy or single nng 
aromatic hydrocarbon radicals or an hydroxy 
ester of said lactone and a primary or secon- 45 
dary alcohol having a boning point lower 
than that of said dfiol> dhmn^ amino alcohol, 
dimercaptan, mercapto alcohol, waiter, hydro- 
gen sulphide or diphenol, and a 1, 2 epoxide 
of die general formula:— 50 
R n — CH— CH— R u 

\/ 
O 

in which R u is hydrogen or an alkyl, chioro- 
alkyl, hydroxyalkyl, vinyl or phenyl radical 
or in which the two R n s taken together com- 
plete a dosed hydrocarbon ring; reacting said 55 
reaction mixture with a molar excess as here- 
inbefore defined of an organic dusgcyanate to 
form isocyana^extended oxyalkylene-car- 
boxyalkylene polymers and converting said 
pdymers to a nonhardening gum stock by 60 
reaction with a djod, a diamine or an amino 
alcohol. 

The pdyurfirhane resins of die present in- 
vention are characterized by the presence of 
subotaptMy linear units of conjugated oxy- 65 
alkylme-carboxyaikyiene chains and duso- 
cyanajte residues in which the chains and 
residues are oonneoted to ope another by 
means of urethane groups and the chains 
comprise substantially linear series of inter- 70 
connected divalent exyalkylene and mono- 
carboxyalkyiene links. In the chains of these 
r coins the connecting oxy and carboxy groups 
between die alkylene segments are distributed 
in ordered) or random fashion Thus, for ex- 75 
ample, a typical chain with ordered distribu- 
tion may be represented by: — 



m. -^OLCOEOEOLCOJSQEOLCOEO . . . etc, 
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and a typical chain with random distribution would be: — 

o o o 

^EOLCOEOEOEOIxLlA)EOEO 



IV. 

in which the Es stand' far alkylene segments 
derived from an epoxide. 

5 The lactones that are suitable for use in 
preparing oxyalkyteiie-carbaxy^^ poly- 
mers in accordance with the present inven- 
tion include ddla-valerokctones and gamma- 
butyrolactones. The general formula for die 

10 lactones suitable in the invention is prefer- 
ably: — 

O^CCCR^CHR 

l_i 

in which n is an integer of at least four, at 
least (n+2) Rs are hydrogen, and die remain- 
15 ing Rs are hydrogen, alkyl, cycloalkyi, alk- 
oxy or single ring aromatic hydrocarbon 
radicals. 

The epoxides that are useful as starting 
materials in this embodiment of the invention 
20 are die 1^-epoxides of the general 



etc 



R u R u 

I I 
VL CH— CH 

\/ 
O 

in which the R"s are hydrogen, alkyl, chloro- 
alkyl, hydroxyalkyl, vinyl or phenyl radicals or 

25 in which the to R u s complete a closed hydro- 
carbon ring. Among the 1,2-epoxides of this 
description that deserve special mention are 
ethylene oxide, propylene oxide, 1-methyl- 
1^2-propylene oxide, 1,2-baityiene oxide, buta- 

30 diene monoxide, epicMorohydrin, glycidol, 
cyclohexene oxide and styrene oxide. Mix- 
tures of these epoxides are also suitable and 
in some instances most highly desirable from 
•the point of view of providing a ready means 

35 of altering the properties of the oxyalkylene- 
carboxyalkylene polymers that are formed. 
Ethylene and propylene oxides, and mixtures 
thereof, are preferred because of their low 
cost and ease of reaction. 

40 The difunctional focal compounds, so- 
called because they act as focal points in the 
formation! of oxyalkylene^carboxyalfcyiene 
polymers and play a major rob in determin- 
ing the molecular weight of a given mixture 

45 cf oxyalkylene-carbox^Jkylene (polymers, are 
those having two reactive hydrogens that are 
capable cf opening a lactone ring or an 
epoxide. The difunctional coinpounds useful 
as such are dials, diamines, diphenols, dimer- 

50 captans, amino alcohois and mercapto alco- 
hols represented! by the formula: — 
Vn. R 1U (YH)2 

in which R m is an aliphatic, cydaaliphatic, 
aromatic or heterocyclic radial and! .the Ys 



are — Q— , — S-^, — NH— and — NR lIn — , 
R im being a hydrocarbon radical selected 
from the group correlating of alkyl, aryl, 
aralkyi and cydcalkyi radicals. Diois are pre- 
ferred 

The difunrtional compounds that are suit- 
able include aliphatic diols such as glycols 
of the general formula HOCCH^OH in 
which n equals two to ten, alkytene ether 
grycoJs of the formulae HO[(CH3)xnO] n H and 
HO[CH(CH3)CH 2 0] n H in which m is from 
two or five and n is one to about ten, 2,2- 
diinfithyl-l,3^cpanediol, 2^-dUesthyi~l,3- 
propanadiol, 3-msthyl-l,5Hpentanediol, N- 
insthyl- and N-ethyl dietnanolamines; cyclo- 
aliphatic diols such as various cyclohexane- 
diols, 4>4 1 -nietthyienebiscydohexano3, 4,4 1 -iso- 
prt^yHdenebiscytioihexanol; aromatic dEols 
such as hydroquinol; aromatic-aliphatic diols 
such as various xytaediols, hydrcsxyrnethyl- 
phenethyl alcohols, hydroxymethyl-phenylpro- 
pands, phmylensdiethanob, pfc^yknedipro- 
panols; and various heterocyclic diols such as 
1,4-piperazine diethanol; difunctional ammo 
alcohols such as aliphatic amino alcohols of the 
general formula HO(CH 2 ) n NH2, where n 
equals two to ten, N-methy(lsthandaniine, iso- 
prapanolanune, N^'thylkntpm panoTairimft * 
aromatic amino alcohols such as para-anuno- 
phenethyl alcohol and para-amino-alpha- 
methylbenzyl alcohol; various cydooliphatic 
amino alcohols such as 4-amdnocyclohexancl; 
dianaines of the general formula H.N(CHo) n 
NHcj monosecondary diamines of the general 
formula -R ,UI NH(CH 2 ) n NH a and (^secondary 
diamines of the general formula R UU NH 
(CH^nNHR 1111 , where n equals two to ten 
and where R uu is alkyl, aryl, aralkyi or cycle- 
aikyl; aromatic diamines such as mara-pheny- 
lenediarrine, paraphenylenediamine, toluene- 
2,4-diamine, tcduene-2,6-diamine, 1,5-naph- 
thialenediamine, 1,8 - naphdialenediamine, 
meta-xylyknedianune, para-xylylenedkmine, 
benzidine, 3,3 1 KKmethyl-4,4 1 -biphenylm'amine, 
S^-totetho^^^-bipta 3,3 , -di- 
cMorc^,4 1 -brphenylcUantine, 4,4 1 -methylene- 
dianiline, 4,4 1 ^ylenediani!line, 2,3,5,6-tetra- 
modi^-para^hmylenediamine, 2,5-fluorene- 
diamine, and 2,7-fluorenediamine; and cyclo- 
aliphatic diamines such as 1,4-cydohexanedi- 
armnse, 4,4 l -methylenebiscydohexylanune^ and 
4,4*Hisopn^yftienebas^ and 
heterocyclic amines such as piperazine, 2,5- 
o^rr^ylraperazine and l,4-bis(3-amino- 
prer^ljraperazine, as well as corresponding 
dithrols and mercapto-alcohoJs. Water and 
hydrogen sulfide are also suitable as difunc- 
tional compounds fcr inttiating a lactone- 
epoxide reaction. 

The oxyalkylene-carboxyalkylene polymers. 
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10 



15 



20 



25 



prepared from there starting materials in 
accordance with die present invention are 



believed to correspond predominantly to the 
general formula: — 



vm. 



o o 

II II 

H[(OE) I (OLQJ T YR ul Y[(CLO) B (EO)J r H 



is which the Ys and R m arc as defined 
earlier, and the Ls are substantially linear 
lactone residues or alkylene seg ments hav- 
ing the general formula — (CR^CHk— in 
which n and the Rs are as described with 
reference to Formula V, the Es are alky- 
lens segments having die general formula: — 
DL — CH— CH— 

R u R 11 

wherein the R 1! s are as described with refer- 
ence to Formula VI, the ms are an average 
of at least 

one, the xs average front about 
one-half no aboue six and one-half, the ys 
average from about one to about fury, and 
the Ls ami Es are in random or ordered dis- 
tribution), at least same af the Ls in a given 
series being recurrent, Le., separated from 
one another by Es, or at least some the Es 
in a given series being recurrent, Le., sepa- 
rated from one another by Ls. 

While we do not wish to be limited by any 
theory presented herein, it is believed that 
die lactone and epoxide molecules are opened 
in die course of the reaction to form sub- 



stantially linear carboxyalkylene and oxyalky- 
lene links, respectively, i.e. substituted or un- 
substituted alkylene segments having terminal 
carbo&y and oxy groups. The opening of one 
such lactone or epoxide molecule produces 
a chain link having a terminal hydroxy! group 
which can then open anrtrher lactone or 
epoxide molecule. This produces a lengthen- 
ing of the chain and die formation of still 
another hydroxy! for again opening a lactone 
ring or epoxide bridge. Additional lactone 
and epoxide residues add on in random or 
ordered fashion <to form a chain of recurrent 
lactone residues and epoxide residues;, said 
chain in essence comprising a series of alky- 
lene Knks connected to another by divalent 
carbo&y groups and oxy groups. 

To illustrate, it is believed that a lactone 
is opened by reaction with a hydroxyl group 
and thus converted into an alkylene segment 
connected by a carboxy group at one end to 
a diol residue, for example, and by an oxy 
group at the other end to a fle nmnal hydro- 
gen, thus: — 



. R m OH+0=C(CR^CRH^ . . .^"OCCCR^CROH or . . . R lu OCLOH 

A A 4 
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If more lactone molecules are available, by hydroxyl groups to form ethylene seg- 
55 they will form and add to previous links in ments. Thus, for example, ethylene oxide will 
the same manner. Epoxides are also opened react with a terminal OH group: — 



60 



65 



70 



XL 



. R ln OH+CH 8 CHr^ . . . R^OCHjCHaOH or 
\/ 

----- O 



. R m OEOH 



If more epoxide molecules are available, they 
will add to jnevious groups in the same 
manner, forming polyoxyethylene chains. 
When a lactone and an epoxide are both avail- 
able, (they are believed to react in essentially 
the same manner and add in random fashion 
to form polyoxyalkylene chains mternipted 
occasionally by carboxy groups. 

It is to be understood and emphasized, 
therefore, that die Ls and Es in Formula 
Vm, for example, can be in random ordered 
distribution and that (the formula- represents 
the predominant structure of the oxyalkyiene- 
carboxyalkylenie polymers. The values of m 
75 and x in the individual (CLO) m (EO) x chain 



portions may ba the same or different and 
the lengths and structures of the various 
— Y[(CLO) m (EO)J 7 H chains need not be die 



4 



same. The y of one cha\n > may in fact equal 
zero, hi which instance the formula may be 80 
more spedfically expressed as: — 
O 

|l 

XH. HYR ux Y[(CLO) m (EO)JyH 
The distribution of the L and E groups in 
the oxyalkylene-carbcxyalkylene polymers is 
such that a lactone residue may occur at 85 
either or both ends of a chain and an epoxide 
residue may like wise occur at either or both 
ends of a series. The general formula is there- 
fore intended to include structures that may 
more specifically be set forth as having chains 90 
of the formulae: — 

O 

Xm. -Y[EO) x (CLO)J y H 

o o 

XIV. -YICCXO^O^^IxOVH; and 
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XV. 



-Y[(EOMGLO)J y (EO),H 



It will also be apparent dm there are at 
least three methylene groups in any opened 
lactone residue symbolized by L in the for- 
mulae and further identified as adjoining at 
least one carbcnyl group of a oonnecting car- 
boxy group. The opened epoxide residues 
symbolized in the formulae by £ and further 



identified as positioned between oxy groups, 
some of wrack may be connected to carbonyi 
groups to form carboxy links, conffitam two 
methylene groups. Where substituted lactones 
and substituted 1,2-epoxides are used, the 
alkylene segemsnts of the respective opened 
residues will be correspond mgly subsdtued. 

When water is used in place of organic 
pdyrunctional cmrmounds, the reactions are 
essentially die same. With hydrogen sulfide, 
lactones are believed to add on: — 



XVI. HSH+20=qCR 2 ) n (^^HOOC(CR : )nS(C3l 2 ) fl COOH 
O 



10 



15 



or HSCCR^COOH+O^CC^CRH 

0 



25 



30 



and epoxides would open and add: — 

XVH. HSH+2CH 2 CHf-->HOCH 2 CH s SCH 2 CH 2 OH 

\/ 
0 
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Additional lactones and epoxides would be 
opened and add to the chains in the manner 
described. 

A preferred and most direct method of 
preparing the oxyalkylene-carboxyalkylene 
polymers in the first stage, provided the di- 
functional focal compounds chosen do not 
contain nitrogen atoms carrying reactive 
hydrogen atoms, is to react the three initial 



materials described, i.e., the lactone, the 
epoxide and the difunctional compound, at 
an elevated temperature in the presence of 
a catalyst By way of illustration, the reaction 
of ethylene glycol, unsubstituted epsilon- 
caprolactone and ethylene oxide in accordance 
with this embodiment of the invention may, 
for example, be represented by the equa- 
tion: — 



xvm 

O 0 



H[(oCM 2 CH2l 5 0CcH^ 5 Cjl 3 OC 2 H 4 oCc(a^ 5 0(CH2CH20) 5 ] tJ H 

0 c ... - 



the ethylene and pentamethylene segments, 
and therefore also the oxy and carboxy groups, 
however being distributed in random fashion 
within the brackets and the ys being an aver- 
age of two. 

The distribution of the lactone and epoxide 
residues within the oxyalkylene-carboxyalky- 
lene polymers can, as a practical matter, be 
influenced to a considerable extent by a 
selection of the temperature at which the 
starting materials are reacted and the rate at 
which the reactants are fed to the reaction 
mixture, although theoretically an efficient dis- 
tribution is possible at any temperature up to 
about 150 to 200° C. Generally, lower alky- 
lene epoxides react more rapidly with 
hydroxyl groups than do die lactones. With 
increasing molecular weight, epoxides react 
more slowly, and approach die reaction rates 
of the lactones. 



35 



40 



- At lower temperatures, i.e., from about 10° 
C. to about 70 C, maximum intermixing of 
the lactone and epoxide residues is favored 
because then the rate at which the lactones 
react with the hydroxyl groups is slow enough 
to permit relatively accurate correlation there- 
with of the rate of addition of epoxide to 
the reaction mixture. Furthermore, the heat 
of the exothermic reactions can be removed 
more effectively at slower reaction rates, thus 
minimizing acceleration of the reaction rates 
due to increases in temperature. Thus, for 
example, if under the conditions of reaction 
five mols of lactone could be expected to add 
onto terminal hydroxyls in the course of five 
rmnutes;, it would be relatively easy to obtain 
an oxyalkyleneHcarboxyalkylene polymer hav- 
ing chain segments alternately and repeatedly 
having an average of two epoxide residues 
and one lactone residue by mixing the lactone 
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wkh the bydioxyl-bearing compound, adding 
ten mols of epoxide in the course of five 
minutes and cooling the reaction mixture to 
keep the temperature, and therefore the reac- 
5 tion rates, relatively constant. This type of 
oxyalkylene-carbaxylene pdymer 3 in which 
the random distribution of the epoxide and 
lactone residues is relatively efficient, is 
characterized 'by water-insolubility and by 

10 not crystallizing even at temperatures as low 
as —30° C 

At higher temperatures, e,g> 3 from about 
70 to 100° G or higher, the rates of reac- 
tion are considerably raster and the difficulties 

15 of removing -the heat of the reactions for con- 
trolling the temperature of reaction are multi- 
plied. As a result, such higher temperatures 
favor a less efficient distribution of the lac- 
tone and epoxide residues with the result that 

20 an oxyalkylene-carb^ polymer chain 

will contain a relatively large number of 
epoxide residues connected to one another in 
series and such series of epoxide residues are 
interrupted cccassionally by series of lactone 

25 residues. Thus, for example, where the 
epoxide of lactone ratio is 2:1, an oxyalky- 
lene-carboxyalkylene polymer chain obtained 
at such a higher temperature and feed rate 
of epoxide may have an average of twenty 

30 or thirty epoxide residues connected in seria- 
tim to one another and such: series of epoxide 
residues may ba interrupted or terminated 
by fairly long series or blocks of polylactones 
having an average of ten or fifteen lactone 

35 residues. This type of oxyalkylene-carbaxy- 
alkylens polymer, in which the random dis- 
tribution of epoxide and lactone residues is 
relatively inefficient, is characterized by 
water-solubility and a tendency to crystallize 

40 at temperatures of the order of 10 to 15° G 
It will be understood, therefore, that with 
this knowledge of the reactivity rates of 
epoxides relative to one another and relative to 
lactones, and the influence thereon of tern- 

45 psrature conditions, suitable adjustments can 
readily be made to influence the reactions in 
desired directions and, therefore, the charac- 
teristics of c^alkylene-carboxyalkylerie poly- 
mers and resins prepared therefrom, 

50 Higher temperatures within the operable 
range of about 10° G to 150 or 200° G, e.g. 



above about 100° G, are feasible provided the 
contact time is made cprrespgrdingjy short 
so as to avoid dehydration side reactions, par- 
ticularly when the catalyst is boron trifluoride. 55 
Lower temperatures, e.g., as low as 10° G, 
are operable but require longer reaction times 
than are considered economically desirable. 
Generally, therefore, elevated temperatures up 
to about 100° G are preferred and tern- 60 
peratures between about 50 and 70° G are 
considered optimum for maximum: production 
and control with minimum dehydrarion. 

The reaction is preferably promoted by the 
presence of Lewis acids such as the tri- 65 
fluoride, tribromide and trichloride of boron, 
the bromides and chlorides of aluminum, tin 
and titanium^ and the chlorides of antimony, 
beryllium, bismuth, cadmium, gallium, iron, 
uranium), zinc and zirjcoiuum. The preferred 70 
catalysts are boron trifluoride and its com- 
plexes with such organic compounds as 
ethers, alcohols, and polyols. 

When the oxyal%lene<arboxyalkyiene 
pdynrers are prepared in this manner, it is 75 
essential to use, as initiators for the poly- 
condensation thereon of lactone and epoxide 
residues, difunctional focal compounds that 
do not contain nitrogen atoms for the reason 
that the Lewis add catalysts employed in me 80 
reaction form inactive complexes with nitro- 
gen atoms. When a flexible resin is the ulti- 
mate desideratum, it is advantageous to avoid 
using lactones that are substituted on the 
carbon atom adjoining the oxy group of the 85 
lactone, ejg. the epsilon carbon of an epsilorir 
caprolactone. Use of such lactones when a 
boron trifluoride complex is the catalyst 
apparently causes dehydration of the second 
hydroxyl group that is formed and then re- 90 
suits in a branehed<hain structure of high 
hydroxyl content that is desirable when the 
ultimate product is to be a rigid paxjduct. 

The preparation of the oxyalkylene-carb- 
oxyalkylene polymsrs in the first stage of the 95 
method of die invention can also be accom- 
plished in three steps to result in a relatively 
ordered distribution of oxy and carboxy 
groups. The first of these steps involves react- 
ing the initial lactone or mixture of lactones 100 
with a molar excess of a monohydric alcohol 
as indicated in the equation: — 



XDL R 3 OH+0=CKCR 2 ) B CHR^R 3 OC(CR 5 ) n CHROIf or R 3 0CLOH 



The reaction product of this step is men illustrated in the equation: — 
105 reacted with one or more 1,2-epoxides, as 

R u R n R n R u O 

II II II 

XX. R 3 OLH+x CH-^^R 3 OUCH---CHO--) I H or R 3 OCLD(EO) I H 

v 
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Finally, the resulting oxycarboxyalkykne st eppe r, the reaction with a did being illus- 
monomer is reacted with an excess of difunc- trated by the equation: — 5 
tional focal compound acting as a chain 



XXI. 



O 

IR'OCLQ 



{EO)xH+HOR ul OH-^R m [OGLO(EO) x H] s +2 R 3 OH 



and the residual product self -polymerizes by interior ester groups and the elimination of 
interaction of its terminal hydroxyls with the excess difnncrional compound: — 10 

xxn. 



S R'"[o!Suo(Eo) x Hl->. 

0 c o 

«U°e) x (oLC) m ] a oR M, oC(CLol |ll lEo) x ] 3 H +( a -i) r'>h) 2 



It will be understood, of course, that an 
amino group on the chain stopper will result 
in a carbamido linkage between an oxyalky- 

15 . lene-carboxyalkylene chain and the chain 
stopper residue. 

The alcohol used in the first step of this 
embodiment of the invention and symbolized 
in the equation a9 R 3 OH is a primary or 

20 secondary monohydric alcohol having a lower 
bcdling point than the difunctional chain 
stopper. Among those suitable for this pur- 
pose are aliphatic alcohols such as methanol, 
e'thanol, propanol, iscpropanol, 1-butanol, 2- 

25 butanol, tert.-butanol, 1-pentano^ 2-pentanol, 
tert.-amyl alcohol, 1-hexanol, 4-methyl-3- 
pentanol, 2<thyl-l-butanol, l-<heptanol, 3- 
heptanol, 1-ODtanol, 2-ethyl-l-hexanol, 1- 
ncnanol, 2,6-dimethyl-4-heptanol, 2,6,8-tri- 

30 methyl-4-nonanol, 5^yl-2^onanol, 7-ethyi- 
2-methyi-4-und2canol, S^triethyl-o^decanol, 
and lauryl alcohol; aromatic alcohols such as 
benzyl alcohol and phenyl methyl carbinol; 
and cycloaliphatic alcohols such as cyclohexa- 

35 nol and trimethylcyclohexanoL Methyl and 
ethyl alcohols are preferred. 

The lactones that are suitable as starting 
materials in the first step are the same as 
those previously identified by Formula V. The 

40 lactones having less than six carbon atoms 
in the ring, i.e., where n is less than four, 
can be used in accordance with this embodi- 
ment of the method even though homopoly- 
esters thereof tend to revert to the monomer 

45 at elevated temperatures and therefore do 
not form stable products. They are suitable 
here because the addition of as little as one 
mol of a 1,2-epoxide per mol of lactone 
results in the preparation of linear cxyalky- 

50 iene-carboxyalkylene polymers in which re- 
version to small rings is excluded. While it 
is true that with some of the lower mole- 
cular weight lactones somewhat less than 
100%, Le., about 80% and in some instances 

55 as low as 60%, conversion takes place, the 
oxyalkylene-carhoxyalkylene polymers from 
these lower molecular wdgnt lactones are 



nevertheless entirely suitable for the purposes 
of the invention. 

The first step in this more indirect manner 60 
of preparing the oxalkylene-carboxyalkylene 
polymers is preferably carried out at a tem- 
perature of the order of about 60 to 100° C 
and in the presence of acidic ester interchange 
catalysts such as sulfuric, hydrochloric, phos- 65 
phoric adds and boron trifluoride complexes 
such as trifluoride ethyl etherate. Basic and 
neutral ester interchange catalysts that also 
promote the reaction include such metals as 
lithium, sodium, potassium, rubidium, 70 
caesium, magnesium, calcium, barium, stron- 
tium, zinc, aluminum, titanium, cobalt, ger- 
manium, tin, lead, antimony, arsenic and 
cerium, as well as the alkoxides thereof. Addi- 
tional suitable catalysts are, by way of ex- 75 
ample, the carbonates of alkali- and alkaline 
earth metals, zinc borate, lead borate, zinc 
oxide, lead silicate, lead arsenate, litharge, 
lead: carbonate, antimony trioxide, germanium 
dioxide, cerium- trioxide, cobaltous acetate and 80 
aluminum isopropoxide. Catalyst concentra- 
tions between about 0.01 and about 0.5% 
by weight based on the total charge are 
suitable. The preferred range is from 0.05 
to 02% by weight. 85 

In order to obtain an optimum proportion 
of the hyroxy ester, it is important to utilize 
a considerable excess, eg., five to twenty mols 
of alcohol per mol of lactone. Thus* for ex- 
ample, by working .with a ten-fold excess of 90 
alcohol, 60 to '95% by weight of the lactone 
employed is converted to the hydroxy ester. 
The remainder consists either of unreaoted 
lactone! or of higher alcohol adducts, Le., 
compounds in which two or more lactone re- 95 
sidues are joined to an alcohol to form a 
higher molecular weight hydroxy ester. It is 
quite possible, however, to proceed with a 
somewhat smaller excess of alcohol and there- 
by obtain a hydroxy polyester adduct in 100 
which the average number of lactone residues 
added to the alcohol is in excess of one. 

After the formation of the hydroxy ester 
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has been completed, the excess alcohol pre- 
sent in the reaction mixture must be re- 
moved This is not conveniently accomplished 
by distillation at temperatures as high as 
5 100° C However, since die ester interchange 
catalysts used in fhis step to open the lactone 
ring also catalyze the reformation of alcohol 
and lactone, in some instances fairly rapidly 
at temperatures- as low as 50° C, it is neces- 

10 sary to remove or to destroy the catalyst be- 
fore removal of the excess alcohoL Acidic 
and basic catalysts such as sulfuric acid and 
radium methoxide can easily be converted to 
inactive salts by neutralization, or they can 

15 readily be removed completely by means of 
ion exchange resins. If, however, the catalyst 
for the first step is destroyed by formation 
of an active salt, e.g., sodium sulfate, the 
hydroxy esters formed in the reaction of the 

20 first step must be distilled off because other- 
wise such salts would interfere with the cata- 
lytic process of the second step. Neutral ester 
interchange catalysts, while plentiful and oper- 
able, are difficult to remove or to destroy and 
25 are therefore not preferred. 

In the second step of the alternative method 
for preparing the oxalkylene-carboxyalkylene 
polymers, the hydroxy esters formed in the 
first step are reacted with 1,2-epoxides in the 

30 presence of a catalyst to form lengthened 
hydroxy esters containing ether groups. The 
epoxides that are suitable in this step are 
those that have already been described as 
corresponding to Formula V. Mixtures of 

35 these epoxides are also suitable and in some 
instances preferred for desirably altering the 
structure of the oxyalkylene-carboxyall^lene 
polymers. Ethylene and propylene oxide and 
mixtures thereof are preferred because of 

40 their low cost and ease of reaction. 

The catalysts that are most suitable for 
the second step are the Lewis acids named 
earlier, particularly boron trifluoride and the 
complexes thereof with organic compounds 

45 as well as aluminum trichloride, zinc chloride 
and tin chloride. Bases such _ as tertiary 
organic amines, sodium and potassium meth- 
oxide s and hydroxides may also be employed 
although they are considered not as suitable 

50 because they require relatively high reaction 
temperatures of the order of 90 to 150° C. 
and high catalyst concentrations of the order 
of 0.2 to 2% by weight in order to be 
effective. Thus, while these other catalysts 

55 are operable, they are not preferred because 
of the high tempratures and catalyst concen- 
trations that are necessary and which tend to 
promote reversion of the hydroxy esters to 
the initial lactones and alcohols. Boron rri- 

60 fluoride complexes such as the ethyl etherate 
are preferred. 

The operable range of reaction tempera- 
tures for the second step of this alternative 
method is from below about 10° Q to about 

65 150° Q At the lower temperatures in this 



range die reaction proceeds slowly, while at 
higher temperatures there is danger of ring 
closure of the hydroxy ester wkh formation of 
lactone and alcohol The preferred tempera- 
ture range is from 45 to 100° C since it 70 
allows rapid reaction rates wkh a roirmrHun 
of reversion to the lactone. 

Any unreacted lactone from the first step 
that remains at the beginning of the second 
step will take part in the reaction wkh the 75 
1,2-epoxide when a Lewis acid catalyst is 
employed. The amount of such lactone react- 
ing in the second step depends upon the 
duration and the temperature of the reac- 
tion, the catalyst concentration as well as on 80 
the structure of the lactone and the epoxide 
used. 

Hie oxy-carboxyalkylene monomers ob- 
tained in accordance with the second step 
are polymerized in the third step with the 85 
aid of a difucrional focal compound acting 
as a chain stopper to form linear oxyalfcylene- 
carboxyalkylene polymers of any desired pre- 
selecred molecular weight. Difunctional focal 
compounds acting as chain stoppers in this 90 
alternative method of preparation yield linear 
polymers, as they do when used as initiators 
in the more direct process described earlier. 

The difunctional focal compounds that are 
suitable as chain stoppers in the third step 95 
of this alternative method are generally the 
diols, diamines and amino alcohols repre- 
sented by Formula VII. 

It is important, from the point of view of 
exercising control over the molecular weight 100 
of the oxyall^ylene-carboxyalkylene polymers, 
to use a considerable excess, preferably about 
five- to ten-fold the amount of stodchiometric- 
ally required, of directional focal compound 
in the third step and that it be one having a 105 
higher boiling point than the alcohol used in 
the first step. This excess and higher boiling 
point is required in order to insure a sub- 
stantial displacement of the monofunctional 
alcohol from the intermediate product of the 110 
second step. In instances in which the fecal 
. compound itself is difficult to remove, eg., 
when a considerably higher boiling dial is 
employed, the preferred procedure is to use 
a stoicmoanetric amount thereof in conjunc- 115 
tkm with a substantial excess of another diol 
that is relatively easy to remove. Thus, for 
example, where the alcohol used in the first 
step is methanol and the desired chain 
stopper is methylene glycol, it is possible by 120 
this procedure to remove substantially com- 
pletely all of the methanol with a consider- 
able excess of added ethylene glycol and 
preferentially to retain in the polymer the 
stdchiometric. amount of methylene glycol 125 
initially used rather than the ethylene glycol. 

The third step in the alternative 
method of preparing the oxyalkylene- 
carboxyalkylene polymers in the first 
stage is preferably, but not necessarily, 130 
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carried out with the use of a catalyst 
cuch as a basic or neutral ester interchange 
catalyst to accelerate the reaction. Among the 
catalysts that are suitable for this purpose 

5 are such metals as lithium, sodium, potas- 
sium, rubidium, caesium, magnesium, cal- 
cium, barium, strontium zinc, aluminum, 
titanium, cobalt, germanium, tin, lead anti- 
mony, arsenic and cerium, as wel as the alk- 

10 ozides thereof. Additional suitable catalysts 
are, by way of example, zinc borate, lead 
berate, zinc oxide, lead silicate, lead arsen- 
ate, litharge, lead carbonate, antimony tri- 
ozide, germaniumi dioxide, cerium trioxide, 

15 magnesium acetate, cobakous acetate, man- 
ganese acetate, lead acetate, lead 2-ethylhexo- 
ate, lead salicylate and lead benzoate. Catalyst 
concentrations between about 0.001 and 1.0% 
by weight, based on the weight of the starting 

20 monomer, are suitable. The preferred range 
is from 0.01 to 0.5% by weight based on 
the weight of the starting monomer. The 
catalyst has also the function of destroying 
the boron trifluoride ccmplex left in the 

25 reaction mixture of the preceding step, which, 
if not inactivated, may cause side reactions 
such as dehydration. 

The catalysts that are particularly effective, 
and therefore preferred, in polymerizing the 

30 monomers are the organic tin compounds des- 
cribed in copending Application Na 12159/ 
57 (Serial Na 859,639) the organic titanium 
compounds described in copending Applica- 
tion No. 12162/57 (Serial 859,642) and the 

35 titanium chelates and acylates described in 
copending Application No. 12164/57 (Serial 
Na 859,644). 

The third step is carried out within the 
temperature range of 120 to 250° C, most 

40 effectively between about 150 and 200° C. 
It is preferably carried out in two phases, 
the first at a temperature of about 120 to 
170° C and the later phase, for further 
polymerization, at 150 to 250° C At tern- 

45 peratures below 150° C. the reaction rate 
is relatively slow whereas at temperatures 
above 200° C. there is a danger that ther- 
mal degradation of the reactants and products 
may begin to occur. It is desirable, therefore, 

50 to carry out the final phase of the third step 
under a vacuum and to exclude air from 
the reactants by blowing an inert gas such as 
ni'trcgen through the reaction mixture. 

The average molecular weight and reac- 
55 tivity of the mixture of cxyalkylene-carboxy- 
alkylene polymers with an isocyanate can 
readily be determined: by analysis for hydroxyl 
and carboxyi content. The acid or carboxyl 
number (mg. of KOH per gram of oxyalky- 
60 lene-carboxyalkylene polymer using phenol- 
phthalein as an indicator) is a measure of 
the number of terminal carboxyl groups. The 
hydrcxyl number, which is a measure of the 
number of terminal hydroxyl groups and is 



defined in terms of mg. of KOH per gram 65 
of oxyalkykne-carboxyalkylene polymer, is 
determined by adding pyridine and acetic 
anhydride to the oxyalkylene-carboxyalkylene 
polymer and' titrating the acetic acid formed 
with KOH. The sum of the acid or carboxyl 70 
number and the hydroxyl number, referred 
to as the reactive number, is an indication 
of the average number of terminal groups 
present in the oxyalkytene-carboxyalkylene 
polymer and therefore is in turn an indication 75 
cf the degree of polymerization. A mixture 
cf axyalkyleneKarboxyalkyiene polymers con- 
taining long chain molecules will have a rela- 
tively low reactive number while oxyalkylene- 
carbaxyalkylene polymers containing short 80 
chains will possess relatively higher reactive 
numbers. Molecular weight can readily be 
calculated from the hydroxyl and carboxyl 
number by the formula:— 

2000X 56.1 

XXm. MW.= 85 

OH Na+COOH Na 

It will become apparent from the foregoing 
that regardless of how the linear oxyalkylene- 
carboxyalkylene polymers are made, i.e. 
whether they are block oxyalkylene-carboxy- 
alkylene polymers or whether the dfctribu- 90 
tion of carboxy and oxy groups in the chain 
is random or ordered, they can be prepared 
to best suit the particular type and require- 
ments cf the pclyurethane resin ultimately 
desired. The molecular weight of block oxy- 95 
alkylene-carboxyalkylene polymers can be con- 
trolled accurately by a preselected proportion 
cf the difunctional focal compounds reacted 
with the lactone and the epoxide or retained 
in the oxyalkylene-carboxyalkylene polymers. 100 
The smaller the amount of initial glycol or 
difunctional focal compound is relative to the 
lactone or to .the lactone and the epoxide, as 
the case may be, the higher will be the mole- 
cular weight of the oxyalkylene-carboxyalky- 105 
lene polymer. The relative proportions cf oxy 
and carboxy. groups can readily be controlled " 
by the proportions cf lactone to glycol or 
epoxide. Oxy alkylene-carboxyalkylene poly- 
mers prepared primarily from epsilon-capro- 110 
lactone and ethylene oxide to have molecular 
weights cf the order of about 1800 to 2800 
and in which the oxy groups outnumber the 
carboxy groups by ratios of the order of 
about 3.2:1 to 6.5:1 are from slightly to 115 
completely water-soluble whereas those in 
which the ratio of oxy to carboxy groups 
is of the order of about 0.5 : 1 to about 3.2: 1 
are water-insoluble liquids. The extent to 
which the occurrence of oxy and carboxy 120 
groups is random or ordered can be influ- 
enced by the availability of the components 
for reactioni in the course of preperation. 
This in turn can be controlled by selections 
of reaction temperature and rate of feed of 125 
epoxide to the reactants. Side chains can be 
introduced by the use of substituted lactones, 
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substituted glycols or epoxides, or both. If 
desired, the oxyalkylenes^rboxyalkylene poly- 
mers can also be given a branched struc- 
ture by employing pdyols having a function- 

5 aliry higher than two in die preparation of 
block oxyalkylene-carboxyalkyiene polymers 
and by the use of diepoxides or polyfunc- 
ticnal focal compounds having more than two 
reactive hydrogens, or both, in the prepara- 

10 don of oxyal^lene<arboxyalkylene pdymers 
with random or ordered distribution of oxy 
and carboxy groups. 

We prefer to select the lactones and the 
epoxides and afunctional focal compound, 

15 and their relative proportions, so as to pro- 
duce ozyalkylerre-carboxyalkylene polymers 
having molecular weights in the range of 
about 400 to as high as about 10000 and 
preferably between about 1800 and 2800. 

20 When oxyalkylene-carboxyalkylene pdymers 
having molecular weights as low as about 400 
are employed in the preparation of poiy- 
urethane resins by reaction with isocyanates, 
the resins formed are relatively rigid. On the 

25 other hancl, oxyalkylene-carboxyalkyleno poly- 
mers having molecular weights in the upper 
end of -the range, e.g., around 5000 to 7000, 
result in the formation of polyurethane resins 
of very high elasticity. Generally speaking, 

30 polyurethane resins prepared from block-type 
oxyalkylene-carboxyalkylene polymers of a 
given molecular weight tend to form' poly- 
urethane resins having somewhat higher ten- 
sile strength than those formed from random 

35 or ordered type of oxyalkylene<arboxyalky- 
lene polymers of equal molecular, weight. 

As a further guide to the selection of initial 
reactants and their relative proportions for 
the formation .of oxyalkylene<arboxyaBylene 

40 polymers and their eventual conversion into 
polyurethane resins, it is well to bear in 
mind also that oxyalkylene-carboxyalkylerc 
polymers derived from unsubstituted lactones 
generally tend to have superior tensile 

45 strength and some tendency to crystallize, 
whereas those made from oxyalkykne-carb- 
oxyalkykne polymers derived from sub- 
stituted lactones, at least in part, show no 
tendency to crystallize and tend - to form elasto- 



mers having optimum non-hardening proper- 50 
ties. TnasrrwTrh as die block-type osyajkyiene- 
earbaxyalkylene polymers tend to impart 
nv an m r uj iih tensile siremjth to polyurethane 
resins formed) from them and cxyalkylene- 
caitayaltotene rhymers having random or 55 
ordered distribution of oxy and carboxy 
groups favor good low temperature properties, 
it will become apparent that optimums tensile 
strength is obtainable by use of block-type 
Gxya^ene-c^boxyaj^ene pdymers pre- 60 

. pared from u^bstiruted lactones as the only 
lactones and that optimum low temperature 
properties are obtainable by use of oxyalky- 
lene-carboxyalkylene pdymers of the random * 
or ordered type prepared, at least in part, 65 
from substituted lactones. 

It is to be understood of course that the 
term " oxyalkylene-carboxyalkyiene poly- 
mers ", as used herein, is intended to include 
not only the pxyalkylene-cari 70 
polymers prepared by reaction of a single 

. lactone with a single epoxide and difunctional 
focal compound, but also those involving two 
or more lactones, epoxides or focal ccnv 
pounds. Fuidiermorei, it is to be understood 75 
that it is within the scope of the invention 
to react dissocyanates with not only one par- 
ticular mixture of oxyal^ene-carboKyalkylene 
polymers but also with blends of different 

- pxyalkylene car boxyalkylene polymer mixtures 80 
prepared) as herein described as well as with 
blends .of one or more of the qxyalkylene- 
carboxyaLkytene polymers with' polyesters 
heretofore described, e.g., the lactone poly- 
esters described in copending Application 85 
No. 12162/57 (Serial No. 659,642) or hieh 
molecular weigjbt pdyaikylene ethers or poly- 
esters such as those prepared by condensa- 
tion of a glycol with a dicarjboKylic acid. 

§eco*id Stage 90 
(linear extension) 
We have found it advantageous to extend 
the oxyal^leiie-carboxyalkylene polymers by 
reacting, after careful removal of any traces 
of moisture, their terminal hydroxyl groups 95 
with an excess of diisocyanate, as represented 
by the equation:— 

O O 



XXIV. HO(OCP)OH+excess G(NCO)r^X^[G^CO(OC^OCNH] y GNCO 



in which HO(OCP)OH is an abbreviated re- 
100 presentation for the oxyalkylene-carbpxyaljky- 
lene polymers with their characteristic ter- 
minal hydroxyl groups and chains of divalent 
alkylene links connected by oxy and carboxy 
groups, G stands for a member selected from 
105 the group consisting of divalent aUphatic, aro- 
matic cycloaliphatic radicals and y is an aver- 
age of at least one and preferably about two 
or mere. 

It will be noted from Equation XXIV that 
110 the use of an excess of diisocyanate provides 



an efficient means of control over the degree 
.of linear extension of the oxyalkylene-carb- 
oxyalkylene polymers. If the proportions of 
oxyalkyleneK^boxyalkylene polymer and' di- 
isocyanate are chosen so that the number of 115 
reactive terminal hydroxyl groups on the oxy- 
alkyleD^-carboxyalkylene polymers are equal 
to the number of reactive isocyanate groups 
on the .diisocyanate, .extremely long, high 
molecular weight chains would be formed 120 
with alternately reccurring oxyalkylene-carb- 
oxyalkykpe chains and diisocyanate* residues, 
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y in that instance possibly being a very high 
number. The resulting resin would have a 
sharp melting point, retain its original solu- 
bility properties, and be capable of being 
5 drawn into filaments. By niiligtng an optimum 
excess of about 30 to 60% by weight diiso- 
cyanate however, close control is maintained 
over the length of the isocyaiiate-modified 
oxyalkylene-carboxyalfylene polymer in that 

10 the molecules formed predominantly comprise 
two to three oxyalkylene<arbaxyaIkylene 
chains conjugated with three to four, respec- 
tively, diisocyanate residues, y being an aver- 
age of 3.33 with a diisocyanate excess of 30% 

15 and an average of 1.66 with a diisocyanate 
excess of 60% by weight. Diisocyanate^modi- 
fied oxyalkylene-carboxyalkykne polymers 
within this range have the most desirable 
characteristics for the production!, at a later 

20 stage, of a rubbery polymer which softens 
gradually over a wide range of temperatures 
and is not subject to cold drawing. A greater 
excess, up to several hundred percent, of di- 
isocyanate is desirable if the desideratum is 

25 a more rigid type of polyurethane product 
The reaction of the oxyalkylene-carboxy- 
alkylene polymers with the diisocyanate can 
take place at temperatures varying from room 
temperature to above 300° C The preferred 

30 temperature is in the range of about 100 to 
150° G, the upper limit of the reaction tem- 
perature being selected on the basis of the 
thermal stability of the reaction products and 
of the diisocyanates, and the lower limit being 

35 determined by the lowest economical rate of 
reaction without a catalyst. At temperatures 
under this range, the reaction is entirely 
feasible if a catalyst is employed Without a 
catalyst it is too slow to be practicable, 

40 especially at temperatures below about 75° 
C. At temperatures above 200° C, and par- 
ticularly above about 300° C, there is danger 
of destructive decomposition of the reactants 
and reaction product. 

45 The time of reaction may vary from several 
minutes to as much as a day depending upon 
the reaction temperature and the identity 
of the particular oxyaJkylene-carboxyalkylene 
polymer and diisocyanate as well as upon the 

50 absence or presence of accelerator or retarder 
and the identity "thereof. Most desirably, 
conditions are adjusted so as to provide a 
controllable reaction that is completed in 
about ten to sixty minutes. 

55 If desired, the reaction may be acceler- 
ated by employing catalysts such an inor- 
ganic bases and particularly tertiary organic 
bases such as tertiary amines and phosphines. 
Among the latter are N,>F-duTiethylaniline, 

60 N^-dimethylhexahyo^<)aniline, N^-di- 
methylpiperazine, N-methylmorpholine, tri- 
benzylamine, N^-dimethylbenzylamine, tri- 
ethylamine, trialkyl phosphines, dialkyl- 
phenyl phosphines and aJkyldiphenyl phos- 

65 . phines. Catalyst concentrations may be varied 



considerably. Concentrations between about 
.001 and .5% based on the weijght of the 
total ingredients, have been found sufficient. 
Among the cetarders suitable for die oxy- 
a&yiene-carboxyalkakne polymer-diisocyan- ?0 
ate reaction are acids sucn as hydrochloric 
acid, sulfuric acid, phosphoric acid, boric 
acid, and organic acids; acyi halides such as 
acetyl chloride and acetyl bromide; sulfonyl 
naHdes such as para-toluene-sulfonyl-chlor- 
dde; inorganic acid halides such as phss- 7 * 
phnrous tribromide, phosphorous trichloride, 
phosphorous oxychloride, sulfuryi chloride, 
and thionyl chloride; and sulfurdioxide or 
acidic sulfones. Hie addition of a retarder is 
desirable in some instances not only in order ^0 
to slow down, as die name implies, die rate 
of reaction between terminal nydroxyl and 
isocyanate groups, but also for inhibiting 
reaction between the isocyanate groups and 
the urethane groups formed in the second ^5 



If tiie starting oxyaikylene-carboxylalky- 
lene polymers from the first stage contain 
alkaline reacting materials, they should be qq 
neutralized or acidified slightly by addition 
of acids or acid chlorides. For instance, poly- 
ethylene oxides are prepared by catalyzing 
the ethylene oxide polymerization with 
sodium or potassium hydroxide or other basic q 5 
catalysts. If these polyethylene oxides axe 
reacted with lactone, the resulting block-^ype 
oxya&yleneHcarboxyalkylene polymers con- 
tain some sodium or potassium carboxylate 
end groups which are efficient catalysts foe inn 
the isocyanate reaction, in stage two. In order 
to prevent almost instantaneous or premature 
cross-linking in stage two (a procedure which 
yields inferior elastomers), the oxyalkylene- 
carboxyalkylene polymers shouM be neutral- 105 
ized or slightly acidified. 

The chain lengthening reaction of the oxy- 
alkylene-carboxyalkykne polymers with the 
diisocyanate may be carried out with a wide 
variety of aliphatic, cyctoaliphatic or aromatic no 
diisocyanates, the aromatic diisocyanates 
being most suitable because of their greater 
reactivity, Among the various diisocyanates 
useful in this reaction are m- and p-phenyl- 
ene diisocyanates, 2,4- and 2,6- tolylene di- 115 
isocyanates, 2^^,6^eiramemyl-^para-phienyl- 
ene diisccyanate, m-xylylene diisocyanate, 
4,4 1 -biphenylene diisocyanate, 3,3 I -dimethyl- 
4,4^bipiheny!fine diisocyanate, S^-dimethr 
oxy-4>4M>iphenylene diisocyanate, p# l -bi- 120 
benzyl diisocyanate, p# T -mphenylmethane di- 
isocyanate, 4,4 1 -metfhylene bis ortho totyl iso- 
cyanate, 1,5-naphthalene diisocyanate, fluor- 
ene diisocyanates, pyrene diisocyanates and 
chcysene diisocyanates. The table in tie pub- 125 
lication cf Siefken (Annalen, 562, pages 
122—135 (1949)) lists numerous other di- 
isocyanates which are useful for performing 
this reaction. 
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TtaD Stage 
(gum stock preparation) 
In order to further extend the oxyalkyieoe- 
carboxyalkylene pdymex-polyurethane diiso- 
cyanates obtained in the second stage and 
also to bring about a cross-Jinking of the 
mofecufes, die oxyalkyleneK^boxyalkylere 
polysmer-polyurethane is reacted with a difunc- 
tional reactant which is a did, a chamme or 
an amino alcohol Such a further chain 
lengthening reaction to foam a gum stock is 



i ll ust r ated, by way of example, in 
XXV bebw. In this ilhtstrative exampte, two 
mob oxya&ydene-carboxyalkylene polymer- 
polyuretbane dilsocyanate, abbreviated for 15 
purposes of darity as OCN(OCP— PU)NCO 
to indicate the reactive terminal isocyanate 
groups obtained by using an excess of diiso- 
cyanate m stage two, react with three mods 
of an amino alcohol to show the reactions of 20 
hydroxy} and amino groups of a difunc- 
tional reactant with the isocyanate groups. 



XXV. 



OH 

3 R n t 2 0tN(0CP-PU)NC0 « 
NH 2 



It will be evident from Reaction XXV that 
25 the hydroxyl group of a difunctional reactant 
in this stage (reacts with a terminal isocyan- 
ate group to form a urethane group 
— OOCNH — and that the amino group of 
a difunctional reactant does so by forming 

30 a urylene group — HNCONH— . There is 
reason to believe that, simultaneously with 
Reaction XXV, the reaction products of 
Reaction XXV and free diisocyanates react 
to effect a cross-linking. These reactions can 

35 take place in many ways. Thus, for examplej 
a terminal isocyanate group can react with a 
reactive hydrogen- or (a) an amide group of 
a stage two product (Equation XXIV) pre- 
pared initially with the pdyalkylene ether 

40 having one or two amino group to form an 
acyl urea cross link, (b) a urethane group of 
a stage two product or a stage three product 
(Equation XXV) to form an aHophanic ester 
cross link, and (c) a urylene group of a stage 

45 three product prepared with an amino groups 
containing reactant to form a biuret cross 
link. Some of these reactions may also take 
place, albeit at a much reduced rate, before 
the addition of the difunctional reactant in 

50 the third stage, because of the formation of 
a number of urethane groups in- the second 
stage and their ability to enter into slow cross 
linking reaction with terminal isocyanate 
groups. 

55 The difunctional ceactants that are useful 
in this stage are diols, amino alcohols or di- 
amines. It is inadvisable, however, where high 
tensile strength of the final product is des- 
irable, Co use those of higher rnofecular 

60 weight than, for example, polyoxyaJkylene 
compounds of the formula; H^CHaGHjOXH 
and HO[CH(CB i )CH£] B H where & is 
greater than about six. Among the difunc- 
tional ceactants found to be particularly suit- 

6- able alone ox an admixture with one another 
in this stage are ethylene glycol, trimethyiene 



O O 

ocnh(ocp-po)nhcnhr n OH 

N HCN H(0CP - PO^N H CN HR U 0 H 

0 O 

glycol, 1,4-butynediol, 1,4-butenediol, terra- 
merhylene glycol, pentamethylene glycol, 
hexamerhylene glycol, decamethylene glycol, 
quinitol, ethanolamine, 3-aminopropanol, 4- 
aminobutanol, 5-ammopentancJ, o^amino- 
hexanol, p^minobenzyl alcohol, m-amino- 
aipba-merhylbenzyl alcohol, p^anuuopteiyl- 
erbyi alcohol, ethylenediamine, trimerhylene- 
diamine^ itjetrame^ylenediammei, pentamethyl- 
enediamine, hexamecltylened^aimne, deca- 
methyleaedkmine, m^henylenedianiine, 2,4- 
tolyienediamme, p-pfi^Ienediamine, 4*4*- 
bij&enylenetiiammei, 3,3 - dichloro - 4,4* - bi- 
phenyjjenediannne, 3,3* - dmiieihyd - 4jP - bd- 
phenylenediamine, 3,3* - dhnethoxy - 4y4 l - bi- 
phenyknediamine, p^p^-bibenzyldiamine, pyp 1 - 
diphenylmeimanediamme, 2,5- and 2>7Hfluor- 
enediarmnes, 3,8- and 3,10^yrenediammes, 
pipcrazine, various methyl-, and porymethyt- 
piperazines." functional' reactants of this 
type are preferred in tins stage of the process 
for the reason that they act as chain ex- 
tenders without forming carbon dioxide 
bubbles do the mass. 

While reaction XXIV is shown for illus- 
trative purposes only, as involving three mols 
of a difunctional reactant and two mols of a 
oxyaikylene-carboxylalkylene polymer-poly- 
urethane diisocyanate, i.e., a 50% excess of a 
difunctional reactant, the amount of difunc- 
tional employed for optimum results is with- 
in the range of 1 to 20% excess. The use of 
more than 20% excess results in a system 
that is generally more rigid than desirable 
for the production of dastomeric materials 
and the use of an equivalent or less than 
equivalent amount of difunctional results in 
a completely cross-linked system which ceases 
to be a gum stock. It is to be understood, 
dpefore, that while alto 20% excess of 
difunctional reactant is recommended for the 
third stage, departures from this amount in 
order to obtain more rigid or more com- 
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pletety cross-linked systems arc not outside 
die scope of die invention. 

The reaction erf the oxyialkylene-carboxy- 
a&ylene pohyu^-polyurethane diisocyanate 

5 with the difunctkmal reactant can be earned 
cut at a temperature ranging from room tem- 
peratures to over 200° C. Temperatures of 
die order cf 100 to 150° C. are preferred. 
The time of reaction may vary from several 

10 minutes to one day depending upon; the reac- 
tion temperature. If a catalyst has been em- 
ployed in the second stage, it will also act as 
a catalyst in the thkd stage. 

Fourth Stage 

15 (Curb) 

The final curing is carried out with a 
poJyisocyanate, ^preferably an aromatic poly- 
isocyanate. while the polyisocyanate em- 
ployed in the final cure may, if desired, be 

20 the same or a different diisocyanate as cam- 
pared with that used in the second stage, it 
may also be a tri- or higher functional iso- 
cyanate. One of the more attractive types 
of polyisocyanate useful in the fourth stage 

25 is the product: — 
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as well as the isomers thereof, obtainable by 
phosgenation of the reaction product of aniline 
and formaldehyde. 

In the preferred embodiment of the in- 
vention, approximately 3 to 7% by weight, 
based on the weight of gum stock, of addi- 
tional polyisocyanate is admixed with the 
gum stock cn a conventional rubber mill or 
in any suitable mixing device and the mix- 
ture is cured in the mold at a temperature 
preferably of the order of about 140 to 160° 
C in a few minutes. If a longer molding time 
than' fifteen minutes is not objectionable, the 
temperature of the cure may be considerably 
lower, e.g. 5 as low as about 100° C In the 
mold, the cure is accomplished apparently 
by a reaction of excess amino or hydroxyl 
groups with the newly admixed polyisocyan- 
ate, and secondly by reaction of the remain- 
ing free terminal isocyanate groups with 
hydrogen atoms cf the urylene and urethane 
groups to form a strongly cross-linked poly- 
mer. 

By this procedure, elastomers possessing 
excellent tensile strength, exceptional 2©w 
brittle temperature and no perceptible 
hardening or crystallization are obtained. The 



very favourable non*hardening properties of 
the elastomers obtained in accordance with 
die mahod of this invention are not only 
apparent after extended storage but can be 
demonstrated by means of X-ray patterns of 
the elastomers stretched to 300 to 400% 
their original length. While elastomers pre- 
pared by other methods and from other start- 
ing materials show a tendency to crystalKze, 
the elastomers prepared by the met hod o f 
the invention show either virtually no crystal- 
linity or not enough to cause hardening of 
tie elastomeric composition. 

Rigid polyurethane resins are also obtain- 
able by emptoymg oxyalkylene-carboxYalkyi- 
ene polymers, preferably of the blocktype, 
having relatively short chain lengths, e.g., a 
molecular weight of about 400 to about 800, 
utilizing only unsubstituted lactones in their 
preparation, by using a considerable excess of 
isocyanate in the second stage, or by using 
a. reactant having a higher functionaHty 
than two in the third stage, or any combina- 
tion of these alternatives, ail of which con- 
tribute to rigidity of the final product. 

In reviewing the basic method of form- 
ing the resins of this invention, it will be- 
come apparent that, after preparation of the 
oxyalkyiene-carboxyalkylene polymers, the 
process can be carried out continuously with 
substantially simultaneously oxyalkyiene-car- 
boxyalkylene extension and cross-linking, 
batchwise and in distinctly separate stages, or 
in any intermediate manner. 

One continuous method that is most direct 
and economical and requires little more than 
continuous mixing apparatus as equipment 
involves admixing and reacting isocyanate 
with mixed but unreacted oxyalkyiene-car- 
boxyalkylene polymers and poryfunctional 
reactant, the amount of isocyanate being such 
that die reactive isocyanate groups therein 
are present in approximately 10 to about 
100% excess over the number of hydroxyl 
and amino groups in the oxyalkyiene-carboxy- 
alkylene polymer and polyfunctional reactant. 
This method, which is illustrated in several 
of the examples to follow, leads immediately 
to the cured elastomer. 

Another method involves-reacting oxyalkyJr 
ene-carboxyalkylene polymers with about 1.2 
no afrout.2 mols diisocyanate per mol of oxy- 
alkylene-carlwxyalkylene polymer in the 
second stage for forming a prepolymer and 
then reacting the prepolymer with less than 
an equivalent amount, preferably about 10 
to 75 mol percent, polyfunctional reactant 
In this embodiment the excess of isocyanate- 
mcdified oxyalklene-carboxyalkylene poly- 
mers serves as a cross linking agent to form 
a completely cured xesm. 

It is also within the scope of die inven- 
tion to admix and react an isocyanate with 
premixed but non-ceacted oxyalkyiene-car- 
boxyalkylene polymers and pol 
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reaotant, the number of reactive isocyanate • recovered, The resulting mixture of oxyalky^. 65 

groups in this instance being. less cban the lene-carboxyaikylene polymers was a light 

number of hydroxy! and »mW> groups avail- yellow 'viscous liquid Shaving- a hydroxy! num- 

ehle for reaction on the oxyalky&ie-carboxy- ber of -51.1, a carboxyl number of -1.0 and a 

5 alkylene polymers and pdyfunctmal react- calculated average molecular weight of 2 120. 
ant This is in effect a combination of die- 300 grams of the oxyalcylene-carboxyalky- 70 

second and third stages for the preparation of lene polymers were 'heated to 120° C with 

die non-hardening fum stock and is followed 56.1 ^ams (0212 md^iS-dimerhyM^-di- 

by addition and reaction with- an excess of phenyiene diisocyanate. The reaction tempera- 

10 additional isocyanate, preferably about 3 to ture rose to 130° C After the reactants had 

7%, in order to effect a cure. This embodi- cooled to 120° G, 52 grams etihanolarnine 75 * 

mentj as well as the embodiment described in were added.- and the -reactants' were stirred 

detail as most illustrative of the mechanism vigorously until an elastomerk gum- stock 

of the reactions involved, is desirable when resulted. This was milled into a thra sheet on 

15 it is desired to form -a non-hardening, gum ■ a rubber inflL 

stock than can be cured at a future date. 5% • by weight of 33 li o!imethyl-4,4 1 -di- 80 

A considerable number of modifying agents phenyiene diisocyanate -was- admixed with " a 

may be added to the pdyurethane resin at portion of the gum stock on a cold rubber mill, 

any stage, of its production after the forma- The material was then molded into a disc of 

20 tion of the oxyalkylene-carboxya&ylene poly- 0.07" thickness toy heating under pressure for 

mec: These materials include fillers such as fifteen minutes at 160°- C. The cured elasto- 85- v 
carbon blacks, various clays, zinc oxidey mer exhibited' the following physical proper- 
titanium dioxide, and the like; various dyes; ties : — 
plasticizers such as polyesters which do not 

25 contain any reactive end-groups, stearic and Tensile -strength, Kg./sq.cm. - - 135 

other fatty acids, organic esters of - stearic and Elongation -at -break, %— - - 780 

other fatty adds, metal salts of fatty adds,- di- Load at 300% elongation, 90 
octyl phthaiate, tetrabutykhiod^ccinate, and Kg./sq.cm. - - - 39: 

the like. It is also possible to indude rdeasing Brittle temperature* °C - - - —64 

30 agents such as mold release agents that- are Hardness — Shore." A? - - - - 54 
sometimes very helpful in die processing of 

the resin to about 130° C After the mixture Example 2 

had cooled to 120* G, 2.5 grams ethanolamine 550 grams of *he ethylene oxide : adduct of " 95 

were added and the materials were stirred 1 methyl o^hydroxycaproate, - prepared, as des- 

35 until an elastomeric gum stock resulted. This . cribed in Example : l, and 31 -grams (0.5 mol) 

was milled into a thin sheet on a rubber mill. ethylene glycol were heated at 170°- C for 

twenty hours in -the presence -of 0.55 gram 

Example 1 dibutyltin oxide and 0.5 gram tetraisopropyi 100 

912 grams (8 mols) epsiton-caprolactone and titanate as catalysts. 80 ml. of methanol were 

2560 grams (80 mols) methanol were heated to- • recovered during this reaction. The reactants 

40 65 to 67° G for twenty hours in the presence were then subjected ;tp a . vacuum- of - 10 mm. 

of 0.456 gram concentrated sulfuric add (96%) Hg. for three hours during which time 15' 

as catalyst. The add catalyst was then neutral- grams of ethylene glycol were recovered. The 105 

ized by addition of 0.505 gram- sodium methyl- resulting mixture of oxydkylene<arboxyalk^l- 

ate and distilled in vacuo. 971 grams of ene polymers was a ^colorless .viscous liquid * 

45 methyl 6-hydroxycaproate were obtained. It having a hydroxy! number of- 592, a carboxyi 

had a boiling point of 99° G at a pressure of number of : 1.3 : and ' a - calculated ' average 

4 mm Hg. and a refractive index n D S0 of molecular -weight of 1820/ 110 
1.4349 to 1.4352. 150 grams : of' the oxyalkylene<arboxyalky- 

877.2 grams (5 mols) of the methyl 6- lene polymers rhus ootained were heated to 

50 hydroxycaproate thus obtained were heated to ■• 120° G. -and' 31.3 -grams (0.1185 mol)' 3,3^ 

60° C. with 2.80 grams 'boron :trifluoride ethyl djmethyM^-Kiipihenylene diisocyanate were 

erherate (47% BF 3 ) and then- 528 grams (12* added, whereupon the - reaction • temperature 115 

mok) ethylene oxide were added over a period - rose to 135° C After the -mixture 'had cooled 

of three hours at a temperature of 60 to 70° at 120° G, 2.9 grams ethanolamine were 

55 C. The resulting ethylene oxide adduct was added and the materials were stirred until an 

a colourless liquid having a refractive index > elastomeric gum stock resulted.' This was 

n D ao of 1.4460. milled into a thin sheet on a rubber mill. 120 

550 grams of the ethylene oxide adduct, 31 7% by weight of 3^-dimethyl-4,4 l ^phenyl- 

grams (0.5 mol) ethylene glycol and 1.1 gram ene diisocyanate was added to a portion of this 

60 tetraisopropyi titanate were heated at 170° C gum stock on a cold rubber mill. The mixture 

for twenty hours. 87.5 ml. of methanol were - was molded into a disc of 0.07" thickness by . 

recovered. The reactants were then subjected heating under pressure for fifteen minutes at 

to a vacuum of 10 mm. Hg. for 3.5 hours at 160° G The cured elastomer possessed the 125 

170° C, 15 grams of ethylene glycol being following physical properties: — 
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Tensile strength, Kg./sq.cm. 
Elongation at break, % - 
Load at 300% elongation, 



Kg./sq.cm. - - - 
Britde temperature, °C 
Hardness— Shore "A" 



138 
735 

127 
-52 
65 



Example 3 

1406 grams of epsOon-caprolactone, 79.5 
grams of ethylene glycol and 3.3 grams of 
borontrifluoride ethyl etherate (47% BF 3 ) were 
heated to 60° C. 1406 grams of ethylene oxide 
were then fed to the reaction mixture over a 
period of 5.4 hours. On application of a 
vacuum of 4 mm, Hg., 81 grams of dioxane 
were removed. The remaining mixture of oxy- 
alkylene-carboxyalkylene polymers had a 
hydroxy! number of 52.5 and a carboxyi 
number of 1.3. 

204 grams of the above oxyalkylene-car- 
boxyalkylene polymers and 11.0 grams of 4>4 - 
methylenedi aniline were heated to 120° C. A 
mixture of 65% 2,4-and 35% 2,6-tqlylene di- 
isccyanate (33.0 grams) was then added and 
the reactants were stirred for forty-five 
minutes. After further curing at room tempera- 
ture for twenty-four hours, a tough elastomeric 
product resulted. 

WHAT WE CLAIM IS: — 

1. A method of preparing a gum stock 
which comprises forming a mixture of oxy- 
alkylene-carboxyalkylene polymers by reacting 
a cUphenol, a diol, a diamine, an amino alcohol, 
a dimercaptan, a mercapto alcohol, water or 
hydrogen sulphide, a lactone of tie general 
formula: — 

TT 

in which n is an integer having a value of at 
least 2, all the Rs are hydrogen when n is 2, 
at least 6 Rs are hydrogen when n is more 
than 2 and the remaining Rs are hydrogen or 
alkyl, cycloalkyl, alkoxy or single ring aromatic 
hydrocarbon radicals or an hydroxy ester of 
said lactone and a primary or secondary alcohol 
having a boiling point lower than that of said 
diol, diamine, amino alcohol, dimercaptan, 
mercapto alcohol, water, hydrogen sulphide or 
diphenol, and a 1, 2 epoxide of the general 
formula: — 

R u — CH— CH— R n 

\/ 
O 

in which R 11 is hydrogen or an alkyl, chloro- 
alkyl, hydroxyalkyl, vinyl or phenyl radical or 
in which the two R"s taken together complete 
a closed hydrocarbon ring; reacting said reac- 
tion mixture with a molar excess as hereinbe- 
fore denned of an organic diisocyanate to form 
isocyanate-extended oxyalkylene-carboxylalkyl- 



ene polymers and converting said polymers to a 
non-hardening gum stock by reaction with a 
diol, a diamine, or an amino alcohol 

2. A method as claimed in Claim 1 in which 60 
n is at least 4 and at least (n+2) Rs are hydro- 
gen. 

3. A method as claimed in Claim 1 or 2 in 
which the hydroxy ester of the lactone is 
reacted with the 1,2-epoxide and the reaction 65 
product is then with an excess of the diphenyl, 
diol, diamine, amino alcohol, dimercaptan, 
mercapto alcohol, water or hydrogen sulphide. 

4. A method as claimed in Claim 1 or 2, 

in which the lactone, the 1,2-epoxide, and the 70 
diphenyl, diol, diamine, amino alcohol, di- 
mercaptan, mercapto alcohol, water or hydro- 
gen sulphide are reacted at a temperature in 
the Tange from 10° to 70° C, in the pre- 
sence of Lewis acids as catalysts. 75 

5. A method as claimed in any of Claims 
1 to 4 in which the mixture of lactone and 
1,2-epoxide is reacted with a thirty to sixty 
percent molar excess of an organic diisocyan- 
ate. ~ 80 

■6. A method as claimed in any of Claims 
1 to 5 in which the isocyanate-extended oxy- 
alkylene-carboxyalkylene polymers are reacted 
with 1 to 20 percent molar excess of the diol, 
oUamine or amino alcohol. 85 

7. A method as claimed in any of Claims 
l .to 6 in which the gum stock is cured by 
reaction with an organic polyisocyanate. 

8. A method as claimed in Claim 7 in which 
from 3 to 7 weight percent of the organic 90 
polyisocyanate is used to cure the gum stock. 

9. The method as claimed in any of Claims 
1 to 8 in which the mixture of lactone and 
1,2-epoxide is reacted with the organic diiso- 
cyanate at a temperature between 50° and 95 
200° C. and the resulting product is reacted 
with the diol, diamine or amino alcohol at a 
temperature between 50° and 200° C 

10. The method as claimed in Claim 9 in 
which the temperatures axe between 100° and 100 
150° C 

1 1. The method as claimed in any of Claims 
1 to 5 in which the amount of diisocyanate is 
such that the number of reactive -isocyanate 
groups in the reaction mixture is less than 105 
3ie number of hydroxyl and amino groups in 

the reaction imixture. 

12. A method as claimed in any of Claims 
1 to 4 in which the amount of organic diiso- 
cyanate is sufficient to provide an excess of 10 110 
to 100% of isocyanate groups over die reactive 
hydrogen atoms provided by the diol, diamine 

or amino alcohol. 

13. Non-hardening gum stocks prepared by 

the processes claimed in Claims 1 to 6 or 115 
12. 

14. Cured gum stocks prepared by the pro- 
cesses claimed in Claims 7 to 12. 



15. A method of preparing a gum stock sub- W. P. THOMPSON & O0. 3 

stantially as described herein with reference 12, Ghurch Street, Liverpool) 1, 

to and as illustrated in the foregoing examples. Chartered Patent Agents. 
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